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,QWURGXFWLRQ
Raphanus raphanistrum /  ZLOG UDGLVK LV D VSHFLHV RI 0HGLWHUUDQHDQ RULJLQ ZKLFK LQFOXGHV WKH IROORZLQJ
VXEVSHFLHVraphanistrum ±PPGLDPHWHUFDSVXOHVDQGPPURVWUXPOHQJWKDQGlandra0RUHWWLH['&
%RQQLHU	/D\HQVPPGLDPHWHUFDSVXOHVDQGORQJHUURVWUXPPP&LRFkUODQ
)LUVWUHSRUWHGLQ&RQVWDQWDDVRaphanus landra 0RUHWWLE\1\DUDG\WKHlandra VXEVSHFLHVLVFRQVLGHUHG
UDUHLQRXUFRXQWU\EHLQJSUHVHQWLQ&RQVWDQWD7XOFHD1HDPW6DWX0DUH2SUHD&LRFkUODQ6kUEXHW
DOXQOLNHWKHraphanistrum VXEVSHFLHVDZHOONQRZQZHHGZLWKVSRUDGLFDSSHDUDQFHVLQFHUHDOFURSVURZ
FURSVRUUXGHUDODUHDVIURPVWHSSHWREHHFKIRUHVWV$QJKHOHWDO&LRFkUODQDQG&KLULOă&KLULOăHWDO
 &LRFkUODQ HW DO  1HYHUWKHOHVV WKH landra VXEVSHFLHV¶ SRSXODWLRQV UHJLVWHUHG DV DOLHQ SODQWV ZHUH
LGHQWLILHGDVSRVVLEOHWKUHDWVLQYDULRXVQDWXUDOKDELWDWVE\$QDVWDVLXDQG1HJUHDQ6vUEXDQG2SUHD
5DGLDWLQJ IURP WKH 0HGLWHUUDQHDQ WKH DUHD RI WKH landra VXEVSHFLHV VSUHDGV LQWR (XURSH LQ FRXQWULHV OLNH
8NUDLQH,UHODQG8QLWHG.LQJGRPZKHUHLWLVUHSRUWHGDVVSRUDGLFLQYDFDQWODQGRULJLQDWLQJIURPVHHGVE\6WDFH
  %XOJDULD &URDWLD ,WDO\ 0DFHGRQLD 0DOWD 0RQWHQHJUR 6HUELD 6ORYHQLD )UDQFH 6SDLQ
KWWSVQSJVZHEDUVJULQJRYJULQJOREDOWD[RQRP\GHWDLO
,QUHFHQW\HDUVRQWKHFRDVWOLQHEHDFKHVRI1RUZD\WKLVVXEVSHFLHV¶SRSXODWLRQVSURJUHVVHGUDSLGO\LQWHUPVRI
QXPEHURILQGLYLGXDOVDQGDUHDFRYHUHG3HGHUVHQDQG*U¡VWDG
$WWKHJOREDOOHYHOWKHVSHFLHVRaphanus raphanistrum LVIRXQGLQWKH$PHULFDV$XVWUDOLD$IULFDDQG($VLD
$PRQJWKHIDFWRUVIDYRULQJLWVVSUHDG&DPSEHOOVWDWHVWKHVHHGV¶HDV\VSUHDGE\LPLWDWLQJWKHVKDSHDQGVL]H
RIVPDOONHUQHOVPDNLQJLWGLIILFXOWWRH[FOXGHWKHPIURPWKHVHHGPDWHULDOIRUFHUHDOFURSVJUHDWVHHGYLDELOLW\DVLW
UHPDLQV LQ ODWHQW VWDWH D ORQJ WLPH LQ LQIHVWHG ILHOGV VWURQJ FRPSHWLWLRQZLWK FURS SODQWV UDSLG UHVSRQVH RI WKH
SRSXODWLRQWRWKHVHOHFWLRQPDGHE\KHUELFLGHVE\GHYHORSLQJUHVLVWDQFHWRFURSWUHDWPHQW3RSXODWLRQVUHVLVWDQWWR
DX[LQLFKHUELFLGHV'RU0&3$ZHUHLGHQWLILHGE\'L0HR,WZDVIRXQGWKDWWKHUHLVDKLJKIUHTXHQF\RI
SRSXODWLRQV RI ZLOG UDGLVK UHVLVWDQW WR KHUELFLGHV ZKLFK OHG WR WKH FRQFOXVLRQ WKDW LW LV QHFHVVDU\ WR GLYHUVLI\
PHWKRGVRIZHHGPDQDJHPHQWLQLQWHQVLYHFURSVDQGWRDYRLGH[FOXVLYHXVHRIPHWKRGVEDVHGVROHO\RQKHUELFLGHV
:DOVKHWDO7KHUHZDVQRHYLGHQFHRIDSRVVLEOHFRPSDWLELOLW\EHWZHHQWUDQVJHQLFSODQWVRIBrassica napus
DQGRaphanus raphanistrumVSRQWDQHRXVVSHFLHV¶SRSXODWLRQVWKDWZRXOGDOORZWKHWUDQVIHURIUHVLVWDQFHJHQHVIURP
WKH FXOWLYDWHG VSHFLHV WR LWV VSRQWDQHRXV UHODWLYH DQG WKXVZRXOG IRUP KHUELFLGHUHVLVWDQW K\EULGV 5LHJHU HW DO
:DUZLFNHWDO
$GDSWDWLRQWRQHZOLYLQJHQYLURQPHQWV¶FKDOOHQJHVZKLFKYDU\GXHWRZLGHJHRJUDSKLFDOGLVWULEXWLRQOHGIRUWKH
raphanistrum VXEVSHFLHV¶SRSXODWLRQVWRWKHHPHUJHQFHRIQHZFKDUDFWHUVGLIIHUHQWLDWHGIURPWKRVHRISRSXODWLRQV
LQWKHLUQDWLYHDUHDVVXFKDVORVLQJWKHLUURVHWWHRIOHDYHVHDUO\IORZHULQJORQJHUOHQJWKRILQIORUHVFHQFHDQGIORUDO
VWDON WKHVHDUHFRQVLGHUHGFKDUDFWHUV IRUPHGXQGHUGLUHFW LQIOXHQFHRIDJULFXOWXUDOZRUNZKLFKKHOSHG WKHVHQHZ
SRSXODWLRQV EHFRPH VWURQJ FRPSHWLWRUV RI FURS SODQWV GLIILFXOW WR ILJKW DJDLQVW FXOWLYDWHG IRU FRPSDULVRQ
LQGLYLGXDOVIURPWKHlandra VXEVSHFLHVH[KLELWHGWKHRULJLQDOFKDUDFWHUVSHUHQQLDOSODQWVIRUPWKHEDVDOURVHWWHRI
OHDYHVDQGUHTXLUHDSHULRGRIYHUQDOL]DWLRQLQRUGHUWRLQGXFHIORZHULQJZKLFKRFFXUVODWHU6KDOLHWDO
7KLVSDSHUKLJKOLJKWVWKHSUHVHQFHIRUWKHILUVWWLPHRIWKHlandraVXEVSHFLHVLQWKH'DPERYLWD&RXQW\DVZHOODV
WKHDQDWRPLFDODQGPRUSKRORJLFDOSDUWLFXODULWLHVWKDWGHWHUPLQHLWVEHKDYLRUDVDVHJHWDOKHUELFLGHUHVLVWDQWSODQW

0DWHULDOVDQG0HWKRGV
R. raphanistrumVXEVS landra SODQWVZHUHWDNHQIURPDUDSHILHOGORFDWHGRQWKH9OăGHQLYLOODJH¶V WHUULWRU\ LQ
'DPERYLWDFRXQW\7KHFURSSODQWHGDIWHUZKHDWZDVWUHDWHGSRVWHPHUJHQFHZLWKDPHWK\OHWKDPHWVXOIXURQSURGXFW
3ODQWV LQ WKH IORZHULQJIUXLWLQJ SKHQRSKDVH ZHUH KDUYHVWHG LQ 1RYHPEHU 0RUSKRORJLFDO REVHUYDWLRQV IROORZHG
KLJKOLJKWLQJ SHFXOLDU FKDUDFWHUV RI WKH URRW VWHP OHDYHV DQG VLOLTXH IRU FRUUHODWLRQ DQG ILOOLQJXS RI JDSV LQ RXU
FRXQWU\¶VOLWHUDWXUHRQWKHlandra VXEVSHFLHV
7KH VWXG\ SUHVHQWV WKH DQDWRPLFDO VWUXFWXUH RI YHJHWDWLYH RUJDQV  URRW VWHP OHDYHV FRPSDUHG WR WKRVH RI
FXOWLYDWHG UDGLVK Raphanus sativus / 7KH FURVV VHFWLRQV ZHUH FODULILHG ZLWK D VDWXUDWHG VROXWLRQ RI &KORUDO
K\GUDWHDQGVWDLQHGZLWK$OXQ&DUPLQHDQG,RGLQH*UHHQVXLWDEOH WRRSWLFDOPLFURVFRS\ WHFKQLTXHV ,PDJHVZHUH
REWHLQHGZLWKDGLJLWDOFDPHUD3DQDVRQLF'0&/=DWDQRSWLFDOPLFURVFRSH2SWLND'0
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5HVXOWVDQG'LVFXVVLRQV
3.1. The Root 
,W LV SLYRWVKDSHG XQEUDQFKHGZLWK DZHOOGHYHORSHGPDLQ D[LV )LJXUH D OHQJWK YDULHVEHWZHHQ FP
DYHUDJLQJFPZLWKFPLQGLDPHWHU
,Q WKH FURVVVHFWLRQ RQH FDQ REVHUYH WKH VHFRQGDU\ VWUXFWXUH LQVWDOOHG DV D UHVXOW RI WKH SKHOORJHQ¶V DFWLYLW\
RXWZDUGDQGRIWKHFDPELXPDWWKHFHQWUDOF\OLQGHUOHYHOWKHVHFRQGDU\ZRRGDUHDRFFXSLHVWKHODUJHVWSDUWRIWKH
VHFWLRQ EHLQJ FRQVSLFXRXVO\ PRUH H[WHQGHG WKDQ WKDW RI VHFRQGDU\ SKORHP )LJXUH E 7KH VHFRQGDU\ [\OHP
ZRRG LVFRPSULVHGRIYHVVHOVDUUDQJHG LQ UDGLDO URZVHPEHGGLQJ ODUJHDUHDVRI WKLQZDOOHGSDUHQFK\PDFHOOV LQ
ZKLFKDUHGHSRVLWHGUHVHUYHVXEVWDQFHV)LJXUHF5RRWDQDWRP\LVVLPLODUWRWKDWGHVFULEHGIRUWKHWXEHURXVURRWRI
Raphanus sativus=DQRVFKLDQG7RPD
7KLFNHUURRWVKDYLQJLQWKHLQWHUQDOVWUXFWXUHODUJHDUHDVRIVWRUDJHSDUHQFK\PDDOORZWKHVXUYLYDORIWKHVSHFLHV
GXULQJZLQWHU







)LJD5UDSKDQLVWUXPODQGUDURRWUDFHPHZLWKVLOLTXHVVWHPE7KHURRW±FURVVVHFWLRQFD±FDPELXP3K,,±VHFRQGDU\SKORHP
;\,,±VHFRQGDU\[\OHPF6HFRQGDU\[\OHP±GHWDLOVRIYHVVHOVSDUHQFK\PDDQGFHOOVZLWKVWDUFK
3.2. The Stem 
,Q WKH EDVDO DUHD WKH VWHP LV EUDQFKHG SXUSOLVK DQG FRYHUHG ZLWK VSDUVH UXGH KDLUV KHDG SRLQWLQJ GRZQ
)LJXUHD$OOEUDQFKHVIRUPLQIORUHVFHQFHV
7KHPD[LPXPKHLJKWUHJLVWHUHGLVFP7KHHQWLUHFURVVVHFWLRQVKRZVWKDWWKHVWHPLVFLUFXODUZLWKWKHFHQWUDO
SLWKDUHDH[SDQGHG)LJXUHE7KHYDVFXODUEXQGOHVDUHDUUDQJHGFLUFXODUO\LQDVLQJOHURZDOWHUQDWLQJODUJHZLWK
OHVVGHYHORSHGRQHV
7KHHSLGHUPLVLVFRPSRVHGRIDVLQJOHURZRIHORQJDWHGFHOOVLQWDQJHQWLDOGLUHFWLRQZLWKWKLFNHQHGH[WHUQDODQG
LQWHUQDOZDOOV2XWVLGHHSLGHUPDOFHOOVWKHUHLVDWKLQOD\HURIFXWLFOH7KHUHODWLYHO\WKLQFRUWH[LVPDGHXSRIVHYHUDO
W\SHVRIWLVVXHMXVWXQGHUWKHHSLGHUPLVWKHUHLVDOD\HURIFHOOVIRUPLQJDK\SRGHUPRIWDEXODUW\SHFROOHQFK\PD
DEVHQWIURPR. sativus=DQRVFKLDQG7RPDWKHFKORURSK\OOSDUHQFK\PDFRQVLVWVRIURZVRIFHOOVZLWK
FKORURSODVWVDQGLVIROORZHGE\URZVRIDQJXODUFROOHQFK\PD7KHHQGRGHUPLVLVQRWGLIIHUHQWLDWHG
7KH RXWVLGH RI WKH FHQWUDO F\OLQGHU LV PDUNHG E\ WKH SUHVHQFH RI WKH SHULF\FOH VFOHULILHG DW WKH OHYHO RI WKH
YDVFXODUEXQGOHV)LJXUHE
,QWKHFHQWUDOF\OLQGHUIROORZLQJWKHFDPELXP¶DFWLYLW\WKHVHFRQGDU\VWUXFWXUHLVYLVLEOH7KHFDPELXPSURGXFHV
EHWZHHQODUJHEXQGOHVVPDOOHURQHVWKXV\LHOGLQJDFRQWLQXRXVZRRGULQJVFOHULILHGDQGOLJQLILHG
,Q ODUJH YDVFXODU EXQGOHV WKH VHFRQGDU\ZRRGYHVVHOV DUH VXUURXQGHGE\ VFOHULILHGZRRG ILEHUZKLOH SULPDU\
YHVVHOVDUHHPEHGGHGLQFHOOXORVLFSDUHQFK\PDO WLVVXH)LJXUHFVDPHDVGHVFULEHGLQ WKHFDVHRI WKHR. sativus
VWHP=DQRVFKLDQG7RPD
D E F
FD 3K,,
;\,,
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
)LJXUHD6WHPEUDQFKHGEDVHE6WHPFURVVVHFWLRQ±GHWDLOHS±HSLGHUPLVK\SK\SRGHUPLVFKO±FKORUHQFK\PD
SHULFOSHULF\FOHFHQWUF\O±FHQWUDOF\OLQGHUF;\OHP±GHWDLO,[\±SULPDU\[\OHP,,[\±VHFRQGDU\[\OHP
3.3. The Leaf 
/HDYHV DUH SLQQDWLVHFWHG DQG O\UDWH VKDSHG WKH EDVDO RQHV DUH DUUDQJHG LQ D URVHWWHZLWK GLVWDQW ODWHUDO OREHV
)LJXUHDDQG)LJXUHD0RUSKRORJLFDOFKDUDFWHUVDUHDVGHVFULEHGE\6WDFHIRUWKHlandra VXEVSHFLHV7KH
ODPLQDKDVDOHQJWKRIWRFP
7KH FURVV VHFWLRQ )LJXUH E VKRZV D ELIDFLDOPHVRSK\OO IODQNHG E\ WZR VLQJOHURZ HSLGHUPLV 7KH SDOLVDGH
WLVVXH LV PXOWLOD\HUHG FKDUDFWHU REVHUYHG RQO\ LQ FRW\OHGRQDO OHDYHV RI FXOWLYDWHG UDGLVK DGXOW OHDYHV KDYLQJ D
VLQJOHURZWLVVXH=DQRVFKLDQG7RPD


)LJXUHD%DVDOOHDYHVRIRQHR. landra¶VSODQWKDUYHVWHGIURPUDSHFXOWXUH9OăGHQL±MXG'kPERYL܊DEWKHOLPE±FURVVVHFWLRQXSSHS±
XSSHUHSLGHUPLVSP±SDOLVDGLFPHVRSK\OOVPVSRQJ\PHVRSK\OOORZHSORZHUHSLGHUPLVWWULFKRPH
3.4. The Flowers 
7KH\DUHDUUDQJHGLQDUDFHPHZLWKIORZHUEXGVDERXWDWWKHVDPHKHLJKWDVWKHRSHQIORZHUV7KHIORZHUSUHVHQW
IDPLO\FKDUDFWHUVZLWKGRXEOHIORUDOVKHDWKLQJWHWUDG\QDPRXVDQGURHFLXPZLWKQHFWDUJODQGVDWWKHVWDPHQV¶EDVH
VXSHULRU RYDU\ DQG JOREXODU VWLJPD IUHVK SHWDOV \HOORZZLWK REYLRXV GDUNHU QHUYHVPHDVXULQJ DERXW  FP LQ
OHQJWK)LJXUHDWKLVFKDUDFWHURIWKHVXEVSHFLHVPHQWLRQHGDOVRE\6WDFH

D E F
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3.5. The Silique 
7KHIUXLWEHDULQJUDFHPHFRPSULVHVVLOLTXHVZLWKPHULFDUSV)LJXUHE7KHVLOLTXH¶VOHQJWKUDQJHVIURP
WRFPZLWKDQDYHUDJHOHQJWKRIFPWKHDYHUDJHOHQJWKRIWKHURVWUXPLVFPDWOHDVWWZLFHKLJKHU
WKDQWKDWRIWKHWHUPLQDOPHULFDUSH)LJXUHEDVGHVFULEHGLQWKH53RI5RPDQLD¶V)ORUD7KHVHJPHQWVDUH
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